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Introduction

A Lithium-ion batteries are a common power source in many different
electronic devices
I Ex: Phones, tablets, laptops, EVs, etc.

A Lithium-i on batteries can undergo a proce

I Thermal Runaway is an uncontrolled process which causes the temperature within the
battery to increase exponentially, until it ruptures, releasing smoke or flame

I Can occur when the cells are overheated, mishandled, or have a manufacturing defect

A Considered to be a hazardous material due to its significant fire risk
I Past aircraft accidents have been caused from lithium-ion batteries
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UN 3480

A Li-ion cells/batteries not packed with or contained within
equipment must be classified as UN 3480

T Does not include lithium-ion batteries which are transported within
equipment (i.e within laptops, tablets etc.)

T Includes lithium-ion polymer cells
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A UN 3480 cells cannot exceed 30% state of charge
(SOC) when transported onboard aircraft

A SOCistheel ectri cal cel | or bat
compared to the total capacity of the cell or battery
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Why is SOC important?

A Batteries with a higher SOC are more likely to produce higher heat
release rates, maximum temperatures and toxic gases during a thermal
runaway event

A Cells are more likely to propagate to nearby cells/packaging at higher
SOCs
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SOC Testing

A Lithium-ion cells of various sizes and chemistries were ordered from e-commerce
platforms and sent for analysis to the FAA Technical Center

A Specialized battery analysis equipment
A Atotal of 72 lithium-ion cells of different types and chemistries were tested:
I Types i
A Cylindrical Cells (32650s, 26650s, 18650s, 14500s, 10440s etc.)
A Pouch Cells
I Chemistries

A Lithium Cobalt Oxide (LiCoO,) - LCO
A Lithium Nickel Manganese Cobalt Oxide (LiNiMnCo0O,) i NMC

A Lithium Iron Phosphate (LiFePO,) - LFP

Some of the evaluated cells
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SOC Calculations S o
3 L Z
A All cells were charged from the initial state of charge %m cs.,'%yfﬁ,f ” ::
to full capacity, and then discharged completely s " g
i A Constant Currenti Constant Voltage (CC-CV) 8 10 2%
charging method was used Ny 480 T | T | N
A 1tis generally recommended for batteries to be Time; thousa:minutes)
charged/discharged from 0.2 1 1 Capacity (C). For gg CQQQQ sg“vi"’pp
the purposes of these tests, a current of 0.2 C was
used ol
i Variations in charging cur*‘g > 0 U bwolioc st h€@ Ct R
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calculated capacity, so a charge/discharge current of
0.2 C was held consistent throughout testing
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Categorization

A Challenges in determining Confirmed Air Transport Suspected Air Transport
mode of transportation for A Tracking # on package A No package tracking #
A Identifiable business A Identifiable business
many packages
. I\B/T P did gt h racking # address address
! i s?: é, o; i dl?]tif;\é?eablzzrn g;g A Package shipped cross A Package shipped cross
address country within two days country within two days
i Batteries were categorized
b?sed on the suspected mode | ynknown Transport Confirmed Land Transport
© transpc-)rt A No package tracking # A Tracking # available
A A sample size of 4-5 cells A Unidentifiable business A Identifiable business
were tested per package, or address address

less than that if the
package contained < 4
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Results

A Of the 72 tested cells, 54% exceeded
the 30% SOC limit

A 13% of tested cells exceeded 50%

Confirmed
Air Transport

Suspected Air

Transport
10

SOC
[ < 30%
A A breakdown of the evaluated cells by I =207 50%
mode of transportation is shown ' I > 50%
below:

I Confirmed Air Transport - 20 tested, 19 >
30%, 9 > 50% Unknown

I Suspected Air Transport1 19 tested, 7 > Transport
50%

I Unknown i 23 tested, 13 > 30%, 2 > 50%
i Confirmed Land Transporti 10 tested

Land
Transport

12

ederal Aviation

<)
/ Administration




Observations

A SOC was not necessarily the same between the same battery manufacturers:

I Three types of batteries were ordered from the same manufacturer, two types were found
to be less than 30% SOC while the last set was ~ 55% SOC

T For the 55% SOC batteries, two sets were ordered from different sellers i one with a

Canadian address and the other from lllinois. Canada shipment delivered through air and
lllinois through land transport

A No significant differences in measured SOC was observed between different types
of lithium-ion batteries
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